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Description 

[0001] The invention relates generally to endopros- 
theses and, more specifically, to an ^ 
repairing a damaged or diseased artery, or to be used 
in conjunction with a tube graft for delivery to an area of 
body lumen that has been weakened by.darnage or 
disease, such as an aneurysm of foe abdominal aorta. 
.' Several areas of ihbbocty are ^ 

receiving an endoprosthesis, commonly referred to as 
i./anlhtraluminal stent, to hold open arid iris u re : the pat- 
ency of a body lumen: Two such areas include the cor- 
onary arteries and the aprtai especially': in the : area 
where an aneurysm has deyeloped;;-; : ; : f : ; :: ; x 
[Qd02] An abdominal abrtib 
- abnormal dilation of the arterial wall of the aorta; in the 
■ ', ■ region of the [ aorta that pasises through tK^ • 
;. cavity:;. The condition most ^ from 
...... atherosclerotic disease., Frequently, ; abdpmina!, : aprtic . 

;•; aneurysms are dissecting aneurysms^ is aneu- 
; rysms that are f ormed when there is a tear or fissure in 
the arterial lining or wall through which blood is to 
:,• and eventually clots, forming a thrombosis which swells 
arid weakens the vessel: Abdbrnihal aortic Aneurysms 
l db not cau . 
physical .exarlim 

and treated, it is likely to ruptyre and cause massive he- 
: : morrhaging fatal to the patient. ■ 
[0003] Treatment of A AAs comprises some form of ar- 
terial reconstructive surgery which commonly is referred 

pass surgery, in which ian incision is: ma^ 
dominal cavity, the ^Qrta is closed 
the site of the aneurysm, the aheurysm is resectedi and 
a synthetic graft or tube sized to approximate the diam- 
eter of the normal aorta is sutured to the vessel to re- 
: place-the aneurysm and to allow blood flow through the 
aorta to be reestablished. Th e graft com monly is fabri- 
cated of a biocompatible r^ 

thin-walled. Nylons and synthetic fibers such ais those 
manufactured under the t^ [ 
FLON of the E:^ 

found to be suitable for the construction of the graft: 
Studies h 

with this surgical jp^ 

when: it is performed prior to rupture ot an aneurysm. 

However, patients having arV : MA ; ty pjcSf ly are over 65 

years of age, and often have other chronic illnesses 

which increasie the risk of peribpe^ 

tive complications. Those patients thus are not ideal 

candidates for this type of major surgery. Fuh^er, it has 
: been pointed out that this procedure is . not often sucr. 
V cessfuily: resorted to after ^ 
: : (the molality rate iricreases to over 

the^ensfoien^ 

to prepare a patient for it: 

[0004] Because of the aforementioned 

es to conventional surgical methods, another procedure 


was developed as an.altemative to conventional, major 
surgery. This method also involves emplacement p| : a \. 
graft at the site<of,the aneurysm; however, the graft is 
deployed there by being routed through the vascular 
5 system carried by a caitheter, wire or other device suit- 
able for negotiating the vasculature. The graft and its 
deployment system often .are introduced intdthe blood - , 
stream percutaneously with a femoral approach arid the 
entire procedure ban be performed using locai rathbiw- 
10 than general anesthesia 

[0005] /Once the i graft.has been positioned : at the an^ ,. 
eurysm, it is disengaged from the delivery; system ^ and : ; 
".. "I can be affixed, to th distaily andprb^ 

innalfy of the aneurysms 
. is tems usuajly J^ means such a^ 

hooks which can be manipulated and driven into the ^ in-; 
tima of the vessel v^ feature of the •: 

system, br by ;spme. physical process, such as iexpan J :; 
. sipn of the graft through application of pressure. , To, ,,, 
20 avoid premature detachment of the graft 

the attachment elements from damaging the vessels or : 
halting the forward movement of the system while the - 
■ , graft is being routed to the treatment site, the systems x 
often are jprbvided with a feature such as a capsule or : 
. 25 a sheath that protects 

; time as deployment is^ desired. ;;;;/. :::^ [, l '^:::^;,:. : .. y 
[0006] Once the graft is in place, it is positioned in the 
vessej spanning the sjte of the aneurysm such that the 
walls of the graft are generally parallel^^ the walls of the : 
30 affected area of the aorta. The ane ury sm th us is exclud- 
i ed from the circulatory: sy^^ 

. being: rejected altbgethe r. I f the an eu i rysm is a dissects ::: 
. in£ -type ^^and .a ;tjiromb(^is exists between 
the aorta; the; now-excluded aneu rysm beneficially may 
3S provide structural suppprt for th graft. 

[0007] Grafting systems are known that include ^ y^at ■ 
commonly Is referred to as an attachment system for 
deploying the graft: The attachment system is a tubular 
device which is fmed 
40 the graft, and which can extend out of the graft at either 
or both the proximo 
nient systern oft 

structure; which p^ and which pro- 

motes rapid endothelial tissue growth 
; is tu re price the graft has been deployed, i may be prpr X 
vided with additional hook-like elements for penetration 
of trib intirrial^lis fo 

ta, or those hook-like elements may be provided on the 
graft itself . Graft isysterris of type described 
so in U.S. Patent Nos: 4*787,899 (Icarus); 5, 1 04,399 (La- 
zarus); 5,219, 365 (Parodi et al); and '^S^^^^bz^^ 
rus); and WO 92/06734 (Song). A stent and : graft com. 
bjna^ 

November 15, 1994, which is commdhly assign 
55 s^e; assign present . invention, namely ;Ad? : ! 

vanced Cardiovascular Systems, Inc., Santa Clara, Cal- 
ifornia, and;.y^ 

Generally* prior art systems that employ attachment 
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means which include hooks or staples create a very 
|arg0 profile for delivery through a body lumen^ ex- 
ception to this is the stent described in WO 96/02211 
which represents prior art according to Article 54(3) 
EPC. the stent includes barbs which remain within the. 
surface of the stent when the stent is in its uriexpanded 
condition, but which extended from the surface of the 
stent when the stent is expanded. However; when the 
diameter of the stent increases the length of the stent is ' 
reduced p roportioriately to accommodate the increase 
jh diameter; 

[0008] The actual function of delivering the graft may 
: be accomplished by inflating a balloonpf a catheter :b^ 
: introducing pressurized fluid into a lumen of the catheter 

loon applies a force to the graft, and to any attachment : 
system supplied therein, which force extends radiaiiy 
and presses the graft and attachment system Into the 
vessel waN just above and just below t^ 
Other dey ices used to attach 

■■■■ AAA repair include intravascular stents of the type found 
in U> S. Patent No. 5,31 6,023: 

■ [0009] In order for a stent to be used most advanta- 
geously with ia graft deployment systehri for treatment 
' and repairi of aneurysms, the stent must be composed , 
of a biocompatible mate rial and simultaneously must be 
flexible enough to comply with the catheter or other el- 

: ement used to route the graft through the often tortuous • 
vascular path to the site of the aneurysm and strong 
enough radially to maintain the opening in the graft once 
delivered. It is important that the steritdr ite 
combination : have: a : low prof il e for intraluminal delivery. : 
Th^ steW deployment fay a deliv- 

ery isystem that is hot pyisrly complex and, th 
able and easy to operate. Furth er, it is desirable that th e ., 
stent be expandable, so that upon application of a force 
or physical change ifrorh within sufficient to cause radial : 
expansion, it encourages affixation of itself and the graft 
to the Wrtic walls. Although various stents have : been 
proposed; none adequately provides all of these desir- 
able features; . : ' 

[001 Of^Mc^&fat&ai: in wh ich stents commonly have • 
been; used are the coronary arteries;:! or;the puipose: of 
■ '■ repairing a damaged or diseased vessel; in typical pri^ 
art situations - the 

of a catheter and is delivered intraluminal^ by known 
meth 'ods!t6"a : 5pTO$fic location in a coronary artery." G enC 
eraliy, a stent is deployed after a patient has undergone 
a PICA (percutaneous translum 
oplasty) procedure in which a lesion or other obstruction 
in the artery has been dilated by known methods. De- 
ploying an intravascular stent at the site where an an gk. 
oplasty. hais-bccurred will reduce the likelihood pta ras^: . 
tehbsis and can assist in tacking tip any dissections ahd^ 
in general, reinforce the vessel wall. 
[0011] Most, but not all, stents currently described in 
the art provide a smooth outer wall surface which,; wbeiv 
expanded, does not penetrate into the vessel wall. Thus, 


some prior art stents do not provide adequate fixation 
methods to attach th^ ^teht to the vessel wall during de- 
ployment. . 

[001 2] What has been needed and heretofore una- 
s vailable is a stent for use in combination with a graft 
which has a high degree of flexibility for efficient ad- : 
. vahcemeht thrdug^.tdrtupus passageways, which can 
be radially expanded frbrifi a relatively small diameter 
! and idW, profile to arelatively large diameter without sute, , 
10 stahtial longitudinal cbhtraction; and which exh ibits me- 
.'. chanical .strength sufficient to pehetratethe.vesse) wails , 

thereby resisting migr^iori and to maintain thie 
.■ of a synthetic graft jm aneurysm.- : 


[0013] I According i to ^e present invention there is : ^^^ 
vided ah expandable intraluminal stent for implanting in : , 
abpp^jumen, comprising; a 

least one cylindrical element; a second stent secti n ad^; ; 
jacent said first stent section; said second stent section 
having at least one cylindrical element; a 
nectihg mei^ said first and second stent 

sections back to back; and a weakened portion in at 
least' some?of. said xonhectihg rhembers, said connects 
ing members being deform 
tiqn yyhen subj^ 

rality of projecting .barbs, the overall length of the st^ 
in the unexpanded configuration and in the expanded 
configuration being substantially the same, 
[001^^ Embbbirhe 

used in: combination with an abrt ic igraft to: repair ari:ab4: 
dbminaianeurys 
artery after a ^ 
ence to the "proximo 

and away from the stent while reference to the "distal" 
is toward the stent, which generally is mounted oh the 
balloon portion of a catheter. The proximal and distal = 
defiri itions apply eq uaily to directions in other parts of , 
the vascular system and especially to the aorta and cor- 
. onary artbries ; . ' 

[0015] tn a preferred e stent is atv 

tached to the distal end pf a tub graft such i that ^rit" 
least a portion of the stent is exposed distal! y, beyond 
ihedistalbn^ 

combination is deployed intraluminally -such that Ihe- 
St6nt^hd;the: distal 

tally of the aneurysm, while the proximal end of the graft 
extends proximally of the aneurysm. Thus; t^e tubular 
graft will span the diseased area of the aneurysm: 
[001 6] In one embodiment the intravasculiar stent is 
comprised of a plurality of cylindrical elements that are 
Ihtelfc^ 

members. The cylindrical elements .on a fjrststent sec- 
tion face one direction and in i:ai second stent section ttie. 
cylindrical elements face the opposite direction. At least 
spme of the connecting^ fif.^.and, 
second stent sections have a notch to create a weak- 
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ened area which will permit the connecting member to 
deform or buckle out^ stent is expanded. 

More than one notch can be formed in the connecting 
members. When the stent is expanded from a low pro- 
file, first diameter, the connecting, members having a 
notch will buckle outwardly, forming a projecting barb 
which wili penetrate the Wrticvwa 
the stent-and-graft combination to the aortic wall: Be- 
cause the first arid second : 
ly-facing cylindrical element^ 

pression force, js created whfcl^ , 
members to buckle at the notched ^ areai: Several of these;; 
projecting barbs may be employ ed to affix the stent-iahdrl 
graft combination- It also is possible to attach a stent to : 
th6 prpxjmal'e^ 

portion of the tubular graft to the aortic wall; Further, it 
is envisioned that '''the steni'can' be employed with a bi- ; 
f u rcated graft (not shown) Which generally is used, whea . 

. the. aortic aneurysm is close to the aortic bifurcation. . 
[0017] In another embodi^ the 
connector members having a notch are offset or angu-: 
lated from the longitudinal axis of the stent. When the 
stent is rotated or twisted, th e conn ectirig nriembe rs are 
compressed; forcing the ; members to align and buckle 
outwardly to provide- projecting barbs! as described: 

; above/ Rotating the. stent 
merous ways, including holding one end stationary 
while rotating the other end; or counter-rotating each of 
the ends respective to each otheiv This rotational or 
twisting action will cause the connecting members hav- 
: ing a notch to buckle out wardlyi This embodiment can 
be used; as described abbvel with a stent-and-graft 
combination for repajring aortic;^ 
[0018] It also is cpntemplated that each of the embod- 
inherits can be used to repair othetr body lumens, such 
as the coronary arteries: Thus, for example, the stent of 
the present invention cah.be implanted in a coronary ar- 
tery after a PTGA procedure in order to repair a dam- 
aged pr ; diseased portion oftha^ 
deployed and implanted similar to that described above, 
with 'the'e^'ption that the project^ 
resppndingly smaller in th 

aorta. The projecting barbs iwili assist in firmly attaching 
the stent to the vessel wall so that it is more securely 
attached to the yesse^w^ 

A clear advantage of the stent for use in the coronary 
. arteries is its low delwerV profile and its 
ment features upon implanting: 
[0019] Other featuresand 

invention will become more apparent from the following 
detailed description taken in conjunction with the ac- 
companying exemplary drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIGURE Vis a plan view depicting a stent ern^ 
bodying the present invention haying a plurality of con- 
necting members which will become projecting barbs 


upon expansion. 

[0021] FIG; 1 A is a crpS|S : sectiona| view taken along 
lines lA-lAof FIG. i depicting ai connecting member hav- 
ing a weakened area or notch. 
[0022] FIG. 1 B is an elevational view of the stent of 
FIG. 1 where the notched connecting members havenot 
been deformed. 

[0023] FIG . 1 G is a perspective^elevational view of the 
6tent of FljG '.. 1 rolled ihto a c^iindrica but 
not expanded (the 
forclaritypurpc^es)^ ... 

[0024] FIG . 2 is a plan view depicting the stent of FI G; 

im wfiicK tile stent jias bee ^ 

[0025] FIG • 2 A is cross-sectional vie w taken along 

lines 2Ar2A of FIGi. 2 depicting tHe nptc^ 

member in its deformed configuration as a projecting 

barb. 

[0026] FIG.2Bisarieleyatid^ 
stent of FIG. 1 depicting the notched, connecting mem- 
ber projecting outwardly as a projecting barb. ; ; 
[0027] FIG. 2C is a partial elevational view of the stent : 
of FIG; 2 rolled into a cylindrical configuration and de- 
picting theVprojecting barbs as they appear projecting 
outwardly when the stent is expanded. 
[0028] • FIG. 2D is; aVpiah view depicting the stent of ' 
FIG. 1 ihwhichthe.notch^ 

have more than one notched or weakened portion to fa- 
cilitate deformation of the connecting member. 
[0029] FIG. 3 is a pian view depicting another embod- 
iment of the stent having connector members angulated 
or offset from -the Jorigitudinal axis of the stents 
[0030] : FIG ; 3 A is an e levatiohal vie w: of the stent of : 
; FIG. 3 depicting the stent in its! fiat and uni^xpanded con^ 
figuration;;;' ■ 

[0031] FIG. 4 is a plan vievy of the stent of FiG 3 in 
an unexpanded configuration but with th e two stent sec- 
tions aligned, such: that the connector members having 
a notch have been twisted to project outwardly as pro- 

• jectirig barbs. . - 
[0032] FIG . 4A is a plan view of the stent of FIG. 4 in 
which the cdnnector^m 

: jecting; outwardly toprpyide projecting 
[0033] FIG. 5 is a partial cross-sect ionaj view of a 
stent embodying the present invention attached to a 

: tub e graft and being implanted in a AA AVp^ re. 

DETAILED DESCRI^ON OF TH 
EMBODIMENTS 

[0034] Embodiments of the invention relate to an in- 
travascular stent, one or more of which may be used in 
con junction with a known tubular graft or bifurcated graft 
tor repairing bcdy lumens of all types, - As described 
herein, reference ^ 
yrysm^ 

other body lumens are equally suited to receive the stent 
of the present inyeht|bn: 

[0035] In keeping with this , FIGS. 1-2D depict an in- 
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travascular stent 10 having a first stent section 11 and 
: a second stent section 12. In the embodiment shown, 
each of first stent section 11 and second stent section • 
1? have a plurality of cylindrical elements 13 which are 
connected by a plurality of connecting members 16.. .5 
Each of cylindrical elements 1 3 are comprised of a se- 
: .Ties of peaks 14 and valleys 15 in a serpentine manner. . 
A&depicted in FIGS; 1-1 B, stent 
ditiori.ahd can be formed from a . 
: ^ Stent 10 also can be formed 10 

, . from a piece of tubing using known chemical etching or 
laser cutting techniques; 

[0036] Due to the serpentine nature of cylindrical ele-^' . 

; ments 13, in addition to the connecting members 1 6; 
there appear^ is 

■ : 18, and Y-members 19. As can be seen, the radii in the 
various W-, U- and Y-members are different to. a^ 
mbdate differing expansion rates of the various mem- 
bers and to provide more uniform expansion, as will be 

; ; described herein. ••••••••• • 20 

l°°37] In a preferred embodiment. first section 11 and 
second section 12 are connected by a plurality of 
notched connectingmembers 20 which are designed to • 
buckle or deform during expansion of stent 1 0. To ac- 
complish the proper deformation of notched connecting : . 25.: 

;;; member 20, a notch 21 is cut into notch connecting 
member 20 to provide a weakened area and to allow 
^formajtion to take place at that point. As can be seen 
in FIG. 1 A, notch 21: is cut a distance Ma-t^h^'-^'ly'-'"'. 
meeting member 20, but not all the way through; It is in- 30 

+ terid^ 

121. Thus, notch 21 is to be ^ 
: :: : ?9--? : ;SUff icieht to cause a weakened arear but 
: n9t:?9 d ee P as .to cause failure and breaking of notched M 
: ; : c ?H!} ec ! iri 9 member 20 at the notched area. Notched 
connecting member 20 also can have several more • 
notches so that connecting member 20 can buckle more 
easily, thus, end notches near the ends of connecting : . 
member 20 will enable the connecting member to buckle 40 
more easily and thereby form prelecting barb 22: 

Turning to FIG: 1C^ the flat sheet of stent 10 ^ 
as ^epicted in FIG. 1 has been , rolled into a cylindrical '. 
configuration with the back s;ide of Ihe stent not i^own ' 
> for purposes of clarity: Also, oh 1^ 
^g members 20 are depicted, however, any number of 

complish the intended use: Stent 10 of FIG. 1G is in a 
^ Vvliertth^steritt^ 
ufactured from a flat sheet of material as depicted in FIG - 50 
.... }x ^ rnMst be roiled into the cylindrical configuration 
P ict ^ ln F,(3 1 b and the longitudinal ends c^the stent 
^must b^^ brazed, sblde red or joined t6^ 

any Iwbwh means. The stent of FIG. 1C also can be : .;; 
f 9^?^fcma single piece of tubing thus eliminating the; W : ' 
steps of rolling it into a cylindrical configuration and af- 
fixing the longitudinal ends; 

[0039] FIGS. 2-2B depict stent 10 as it is formed from 


a flat sheet of material and.in its expanded configuration. . 
These drawing fi^ a clear picture of the ex- 

pansion properties of stent 10 and its impact.on notched . 
connecting member 20, but in use stent 10 would hot 
be expanded in its.flattened configuration/ As shown in 
FIG. 2, when stent 10 is expanded, the W-, U- and Y- 
members are deformed, however, the distance between 
the members remain substantially the same, because 
connecting members 16, Which separate each of cylin- 
drical elements 1^ 

. the length of notched cphnecti^ member 20 ^ crtange& : 
in response to the bending and expansion of U-mertv 
bers wheri stent 10 is expanded outwardly As expan- 
sion cx:cursr connecting m 16, which connect 

: Mtstents^ stent ^ Isctfpn 1 " a?^ i n 

tension but they cannot stretch. This tension creates an 
opposite, cbrr^ oh connecting 

y^ich buckles at notch 21 and short ens: ih length, there- ; 

. by::fprming ; prpjecting,b 

:cu^;. f t^ 

connecting member 20 to deform the 
. jecting; barb 22 as; depicted in FIGS: 2A and 2B. Note; 
the connectingmembers 16 jacking notches do not de- 
form or buckle, but rather each uh-notch 
member remains the same length, thereby providing an 
ex^n^^ s^ appreciably shorten dur- 

ing expansion. . . . ' ' r rr 

[0040] The stent sho^ 

2 rolled into a cylindrical configuration and expanded 
P nl y : one cylindrical element of first stent section 11 is 
depicted 

tj ^ n : ^ 2 * ^ s ^ cMnectihg :: 

• meriribe 

project irig barb 22. It; is intended that projecting barbs 
c 9ntaciand penetrate the vessel wall to assist in af- 
fixing stent 10 during the deployment and implanting 
procedure, as will be further described : 
[0041] It is important to note that with the present em- 
bodiment,: the : unexpan^d 10 of FIG. 1C has an 
extremely low profile which allows the stent to be de^ 
P!byed th rough the vascular system with re ease. 
Only after -the stent has beert site at 

barbs 22 fo^ Thus, the 

: present ■ emj^iment provides a clea If a 
prior art devices where the delivery profile is substan^ : 
tiajly higher be^ 

ment devices increase the profite during deNvery rather 
than projecting butwiardly only 
curs with the present embodiment 
[0042] In FIG. 2D, the stent of FIG." 1 is depicted with 
rrbre than one notch 21 in each connect 
tp.faciiitate ^fprmatipri into jprojebtin^i barbs 
notches 21 will provide weakened areas in connecting : 
meriribers:20,:y\^e frbfri 'tis first,:: 

low profile diameter, the weakened areas around notch^ 
es 21 allpw ^ 20 to buckle and de- 

form outwardly to form projecting barbs 22, 
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[0043] One important feature of the present embodi- 
ment is that first stent section 11 and second stent sec- 
tion 1 2 are aligned so that the B U "-shaped members \& 
oppose one another. The peaks of the U's are attached 
by short connecting members 1 6A t while the base of the 
U's are connected by the longer, notched connecting 
members 20 that have Been weakeneci (by notches or 
by other means as described herein). When the stent is 
expanded from its low-profile first diameter , to its iex- 
panded second diameter, short connecting members 
16A are placed in tension against the longer connecting 
members 20 which are in compression. In order for the 
cylindrical elements . 13 :^ 

members 20 and short connecting members 1 6A to ex- 
jjand, orie of the two connecting m 
cause the compression-loaded, longer connecting 
members 20 are inherently: weaker than the tension^ 
loaded short connecting members 16A, the longer ;cbh- 
necting members 20 will fail.. Since the long connecting 
members 20 are; selectively weakened; by 
notch 21, the members 20 will selectively, and by de- 

■ sign, fail outwardly to create; projecting barbs 22; ; 
[0044] I n another embodiment of the ^i 

picted in FIGS. 3^4A, stent 10 has substantially the 
same overall configuration as that shown in FIG. .1, with 
the exception of the; location of notched connecting 
members 20. As can be seen in FIG. 3, stent 10 is in a 
flattened condition and first stent section 1 1 is offset 
f rom second stent section 12; and each section is joined : 
to the other by notched connecting members 20: Unlike 
the stent of FIG;^ 
deform notch ed coring 

FliG. 3 mus| be twisted tp def ohm notch connecting 

■ members 20. . , • ;;.' 
[0045] As seen in R G S , 4 and 4 A, unexpanded stent 

10 now has notched connecting members 20 in align- 
ment with the longitudinal axis of the stent and first stent, 
section 11 is axially aligned with second stent section 
12. By moving first stent 

with second stent section 1 2, notched connecting mem- 
bers 20 wjll deform^ 
barb 22. To insure that projecting barb 
outwardly, during the twisting: m^ 

11 and second stent section 1 2 must be constrained so 
: that they do not lengtheri and change the overall- lehgth 

of stent 10. Accordingly, stent 10 may be rolled into its 
; c^ 

bers 20 angulated so that they are not axially aligned 
with the longitudinal ! ^is of stent lO.ph 
tion 11 is rotated or twisted with respect to second stent 
section i 2, it will bring notched connecting members 20 
into axial alignment with the longitudinal axis of stent 10 
and the w^ 

connecting members 20 to deform outwardly, thereby 
:fprrhing projecting barb 22; 

[0046] With respect to each of the embodiments 
shown in FIGS. 1- 4A, each stent ^ qmbbdj merit can be 
delivered intraluminal in much the same manner: Stent 


1 0 can be mounted on the balloon portion of a delivery 
catheter arid delivered intralumirially ih a portion of a 
body lumen. Once stent 10 is positioned at the site 
where it is to be implanted; the balloon portion of the 

5 catheter is expanded by known means to expand the 
stent outwardly into contact with the body lumen. An ex- 
ample of one method of deploying stent 1 0 is depicted 
in FIG! 5. The balloon portion of ;"a del iye^ ^theter can 
be substituted for by any expansion member capabie 

10 receryihg stent 10 arid expanding or urging the stent ouV : 
wardiy into contact with FiialyjiS. thus, oilier 
mearis are available to urge outwardly and expand stent 
. 10 such, as mechanical, : ':hydra^ 
phase transition using memory-shaped alloys or su- 

15 pereljaistic alloys. .- 

[0047] As is shown in FIG; 5, a stent 1 0 has been at- 
tached to an aortic tube graft 35 at both the distal end 
and proximal end of the tube graft; While a stent 10 is 
; affixed to each end of tube graft 35, it is possible to at- 

20 tach a stent only to the distal end of tube;^ 

the proximal end free: Due to the high pressure of biood 
: flow in the aorta, the proximal end of tube graft 35 does 
not necessarily have to be firmly attached to the aortic 
wall 36. In FIG. 5, the stent and tube graft combination 

£5 is mounted on balloon 40 arid is delivered intralumihally 
by ; over-the-wire catheter 50. G enerally, ;guidewire ; 60;; 

.. . having distal tip 70 is used to navigate. the vasculature 
of the pat lent and to assist in positioning the catheter 
. and balloon carrying the stentTandrtube: graft combina^ 

30 tion. It is important to position the tube graft 35 so that 
it spans aneurysm 37 ah^^ 
. from the aorta th rbu gh the t ube graft,: so that : no blood 
. flow leaks around the distal or prc*imaj:erid^ 

: ; : graft arid irvtq aneurysm ^ 37^;lmj^rt^tly- : stent 1 0 shbuld 

55 be expanded into the aortic wail 36 only where there is 
healthy tissue, and not where the aneurysm 37 has 
weakened the vessel wall. 

[0048] Although a particular form of catheter has been 
described to route the graft-arid^ 

40 aineurysm, it will be apparent to those skilled in the art 
,.;.;jn; treating aneurysms and similar coricHtions and of PTf 
; GAcatheter^d 
: figurations could be used successfully ^ 
same functions For example, well-known fixed wire and 

45 rapid excharige wire systems also can baused iri; the 
delivery system described above.- 
[0049] further ref ehsnce to F( G: : 5^ stent i p is" 
shown in its expanded configuration with projecting 
barbs 22 prelecting c^te 

so wad ^ 36 ; With projecting barbs 22 penetrating aort^ 
36, stent 10 is firmjy implanted and attached to aortic 
wail 36 so that there is ho possibility of the stent migrate 
irig once : it js implanted. As shown in FIG,; 5, thef stent of 
FIG. 1 C is used to anchor tube graft 35 to the : aortic wall. 

5? Thus, balloons 40 are used to expand stent 10 radially 
outwardly; thereby causing the notched connecting 
members 20 to deform and project putwardly Jiormlnia; 
projecting barbs 22 Importantty, the overall length of 
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stent 1 0 does not appreciably change when it is expand- 
ed, because connecting members 16A dp not change 
in length and first stent section 11 and second stent sec- 
tion 12 are constrained from -moving toward eaich other 
during expansion. 

[0050] The expansion properties of stainless steel 
make it a pref erred material for stent 1 0. Other materials, 
are contemplated, which include combinations of stain- 
less steel and polymer materials. Further, other niaterir 
als might be used including tungsten, platinum, gold or 
combinations, of these materials, in forming. stent, "ib. V 
Stent 10 can be formed from a flat sheet of material or ■ 

i from asingie sheet of stainless 
cally etching, laser cutting;-or by using electronic dis- 

; charge machining. A presently p^ mak- ';. 

ing stent 10 is found in co-pending application U.S: Se^ 
rial No. 08/345,501 , '. entitled: Methocl and Apparatus for 
Laser Cutting Small Objects, which is commonly as- 
signed to Advanced Cardiovascular Systems, Inc. of 
Santa Clara; California; .and which corresponds; to EP^: : 
A-6,7 14,641 Other details of the various processes by 
which a stainless steel stent 1 0 can be manufactured 
can be found in co-pending U S. Serial Nos, 08/1 75,21 4 : , 
(corresponding to EP-A-6,662,307) and 08/i 64, 986 (re- ; 

■ lated to U.S. Patent No. 5,514,154). Further details of 
chemically etching stent i 0 cain be found in U:S; Serial 

. No. 08/340,112, entitled intraluminal Stent for Attaching .. 
a Graft, also commonly assigned to Advanced Cardio- 
vascular Systems^ Inc., . Santa Clara, California,; and :-■ 
which corresponds to EP-A-0,712,614. 
[0051] Italsbiscdhtempiated 
tiori of: connecting member 20: might result from isomer 
thing other than notch;21 . In pther w^ 
that the invention not be limited to a weakened portion 
in the form of notch 21 ^ of 
connecting member 20 can include an area along eon- 
nectirig member 20 that is thinner or necked-down reh 
ative to the rest of the v membef; The weakened portion 
. : also can be formed by a metal different from ^ 
forming the rest of the stent, or by selectively treating 
an area of the pnnriary; stent raterial. For exaimpieT the 
firstand second stent sections 11 ;1 2 can be formed from 
stainless steel, while at portion of conn member 
20 can be formed from any material having a lower mod- 
ulus; of elasticity V^icn: rr^ten bend 
more easily than the stainless steel; 

; [0052] Wh lie"; ; thCin^ illustrated arid 

described herein in terms of its use as an endoprosthe- 
sis;^- for implanting lumen such .'as a coronary 
artery or to be attached to a tubular graft or bifurcated 
graft for use in the aorta to repair an aortic aneurysm 
it wili be apparent to th 

■ can be used in other instances in pthbr vess of the 
body. Because the described stent hias the feature of ; : 

, forming a; pos itive attechmerit barb after th a stent has 
been routed through the vasculature of a patient to a 
specific site, and because it has a. lpw prpf ile during de- 
livery, the stent is particularly well suited for impiantation 


in almost any vessel where such devices can be used. 
These features, coupled with the fact that the stent does 
not retract or recoil to any great degree after it is radiaiiy 
expanded, provides a highly desirable support member 
for other types of endoprostheses. 


10 1: : ^ 

.', Ja.a "body. lumen, comprising: 


a first sterit section (ify h^ing-at least mecy? ,' 
; lindrical element (13) -y 
15 : '\ ,; ; .; a second st^ ' : 
stent section (11); said second stent section 

(12) having at least ? one cylindrical /element . 

(13) ; . ' 

a plurality of connecting members (20) con- 
20 necting said first and second: stent sections 

: : (11,12) back to back; and 

a weakened portion (21 ) in at least some of said 

• .-^ 

members (20) being deformable at said weak- 
25 . eried portion (21) wh en s u b ject to a comp res- . 

sive force to form a plurality of projecting barbs 
(22), the overall length of the stent (10) in the 
u nexpanded configu ration and in the expanded 
configuration being substantially the same. : 

: : 2; The intravascular - stent^^ d^ : whereiri said 

: Weakened portion (2 i) includes at least one notch : 

' ; . : : in ;sa|d connecting mernbers (20) yyy^y^y 

35 3. jhe intrayascular stent of claim 1 i , wherein said 
stent (10) has a smooth outer surface having no 
projections or rough edges arid a first; unexpairided 
diameter providing a low profile for intraluminal de- 
.. V livery, .' 

•• '4:' The intrayascular stent; of c|aim 1 , wherein said 
stent (10) has a second; expanded diameter so tha^ 
said outer surface of said 
body lumen and said plurality of projecting barbs 

'45 . ; ... '../„ contact trie body jurnen. : ■ f , 

5; ; The Ji^ 

rality of projecting barbs (22) are capable of pene- 
tratirig the body 1 umen; : 

so ■ <--'yz • • '.'r. - ■■ , .• 

6. The jhtrayascuiar' stent of claim ^ wherein said 
: stent (10) is attached to a tubular graft (35): 

7. The intravascular stent of claim I 
5 s ; ( 1 .0); is f pimieci f rpiiri ai sin gto of t ubin g ; ; : : : : : : 

8. The intravascular stent of claim 1, wherein said / 
stent (1 6) is formed f rom a flat sheet of material; ■>■■: :■:».. 
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9. The intravascular stent of claim 8, wherein said flat 
sheet of material has a first lohgitudirial edge and a 
second longitudinal edge, and said stent (10) is 4. 
rolled into a cylindrical configuration 
sheet of material so that said first longitudinal edge 5 
abuts said second longitudinal edge and is attached 
. thereto. 


1 0. The intravascular stent of claimX v^ereiri said first 
stent section (1 1 ) andsaid second stent section (1 2) 
are expand.ed.from ..within causing said : cpnnecting 
members (20) having a weakened portion; (21) to 
deform outwardly. . .. 

11. The intravascular stent pf claim 1 , y^erein said first 
stent section (1 1 ) is twisted relative to said second 

. stent section (1 2) ''in order ' to deformisaid con 
members (20) haying a weakened port.b 
form said projecting barbs (22). ...... 

12. The intravascular stent of ciaim 1; wherein at least 
some of said connecting members (20) have a plu- 
rality of notches (21). 


Patentanspruche ; 

1 . Auf we|tbarer intra| uminaler Stent ( 1 0) zu m ( mplan- 
, tieren in ein Kdrperlumen, umfasserid: 


10 5. 


15 


ges Profit zur intraluminalen Ausgabe vorsieht. 

Intravaskularer Stent nach Anspruch 1, wobei. der 
Stent (10) einein zweiten, aufgeweiteten Durchmes- 
ser aufweist, so dass die AuBenflache des Stents. 
(10) das Korperlumen beruhrt und die Mehrzahl 
vorstehehder Widerhakeh das korperiumen be- 
ruhrt- ' ■ •• 

Intravaskularer Stent nach Anspruch 4; wobei die 
MeKrzahi yprstehender Widerhakeh (22) in das 
Korperlumen eindringen konnen: ; 

Intravaskularer Stent nach Anspruch 1, wobei der 
Stent (10) an einem ; rph 
gebracht 1st; - 


20 


7. Intravaskularer Stent nach Anspruch 1, wobei der 
Stent (10) aus.einem einzigen RohrstOck gebildet 
1st: : : : -r^:: :-::y : :: - . . ; : y : 


25 


8. 


9. 


30 


einen ersten Stentabsc^ 
eih zylindrisches Element (13) aiiif we is^ 
eineh: zWeitea :^ (12) benachb^ : , 

dem ersten Stehtabschhitt; (11 )f wobei der 10. 
zwejte Stentabschnitt (i 2).zumindest ein zylin- 35 
drisches Element (1 3) aufweist; 
eine Mehrzahl von Verbindungselementen 
(20), die den ersten mit dem zweiten Stentab- 
schnitt (11, 12) rucks^ 

einen geschwachten Abschnitt (21) in zumih- 40 
dest einigen; der ; yerbindungseleme 11. 
wobei die Verbindungselemen 
: geschwachten Abschnitt (21 ) yerformbar sind, 
wenn sie einer Kompressionskraft ausgesetzt 
we rden , urn ein e Meh rzah I vbrsteh erider W i? ^ 
derhaken (22) zu bilden* wobei die Gesamtlan- 
ge des Stents (1 0) in der nicht aiuf geweiteteh 
Konfiguration im Wesentlichen die gleiche ist 
wie in der aufgeweiteten Kpnfigunatipn. 


Intravaskularer Stent nach Anspruch 1 , wobei der 
Stent (1 0) aus einer flachen Materialschicht gebil? 
delist;- - 

Intravaskularer Stent nach Anspruch 8, wobei die; 
flache Materialschicht einen ersten Langsrand und 
einen zweiten Langsrand aufweist, und wobei der 
Stent (10) aus der flachen Mat 
zylindrischen Konfiguration aufgerollt ist, so dass 
^ dererste ^ 
liegt und daran ahgebracht ist. 

I ritravas kularer Stent nach Anspruch 1 , wobei der 
erste Stentabschnitt (11) und der zweite Stentab- 
schnitt (12) von innen her aufgeweitet sind, urn zu 
bewirken, dass die einen geschwachten Abschnitt 
(21) aufweisenden Verbindungselemente (20)sich 
nach auBen verformen. v 

Intravaskularer Stent nach Anspruch 1 , wobei der 
erste Stentabschnitt (t^ 

abschn itt (1 2) verdreht; jst; urn [ ; ;di e-' einen ge- 
schwachten Abschnitt (21 ) aufweisenden Verbin- 
dungselemente (^ z 
henden Widerhaken (22) zu bilden^ - 


12. Intravaskularer Stent nach Anspruch 1 ; wobei zu-'- 
mindest einige der^ 
so Mehrzahl von Kerben (21) aufweisen. 


2. 


3. 


Intravaskularer Stent nach Anspruch 1, wobei der 

geschwachte Abschnitt (21) in den 

mienten (2p):zurnjndest eln^e Kerbe aiifweist. 


Revendications 


Intravaskularer Stent nach Ahspruch 1 , wobei der 
Stent (10) eine glatte AufJenflache ohne Vbrsprun- 
ge Oder raiie Kanten sowie ejhen ersten, hicht auff 
geweiteten Durchmesser aufweist, der ein niedri- 


i. Stent intraluminal expiahsiW 

plants dans une lumi^re corporelle; comprenant : 

• ■: - une premiere section de stent (11) ayant au 
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moins un 6l6ment cylindrique (13) ; 
- tine sebohde section de stent (12) adjacente ^ 
ladlte premiere section de stent (11 ), ladite se- 
conde section de stent (12) ayant au nrioins un 
6l6ment cyiindrique (13) ; 5 

une plurality d'^tementsde raccordement (20) 

reliant I esdites premidre et secoride Sections 

die stent (li , 12) dos S dps ; et ■ :"' 

une partie affajblie (21)dansau m 10 

desditisjdm^ 

6|6ments de raccordemeht(20) 6 
biesau niveau de iadite partie L affaibl|e (2i )jprs- : : ^ . 
. qu'ils sont soumis k une force de compression 
pour former une plurality de griff es d'^cragei. J$. 
(22), la longueur globaledu stent (10) dans la 
configurate dans la configurar 

. tioa dilat^e etaht sehs^ 

Stent intrayasculaire 20 

iequel jadite partie affaiblie (21 jcomprendaumoins 

une encoche dans lesdits 6l6ments de raccorde- • : ' 
meht (20): 

Stent intravasculaire seloh ia revendication 1 , dans . 
Iequel (edit stent (10) pr6sente une surface ert 6- 
rieu re lisse d6pourvue de saillies ou dq bords rg- . .. ,, 
gueux et un premier diamfctre non dilat§ conf §rant 
un bas prof ii pour une insertion intra! uminaie. • 

Stent: intravasculairaiselon la reve 
leqiiel (edit steni:(1^ 
dilate, de ma^ 

dit steht (10) vienhe en contact avec l^ 
ppirelle et que iesdrtes griff es d'ancrage yiennent en ?5 
contact avec la lumfere corporelle. 

Stent int ravascu laire selon la revendication 4, dans 
teque! la plurialit6 de griffes d'ancrage (22) estsusr 
ceptible de p6n6trer dans la Iumi6re cdrpdrelle. 40 

Stent intravasculaire selon la revendrc 1 ; dans 
iequel ledit stent (itijest fix6 £ ungreffontubu laire 

(35). 

•" ■ ... r"."; : " " ,'■ : vv ". "" .; ;' v. ' 7:;. ; <*s;:; 

Stent intravasculaire selon la revendication 1 , dans : ; : 
Iequel iedit stent (1 0) est fbrm4 £ partir tf un ^etil T 
morceau de tube: 

$tent intravasculaire selon la revendication 1; dans -- 'so 
Iequel ledit stent (10) est formS "k partir d v une feuilie 
de mate riau: plate: 

Stent intravasculaire selon la revendication 8, dans ; 
Iequel ladite 'feuilie :de. mat§riau plate pr6sente tin ; 55: 
premier bord iongitudinal et un second bord iongi- 
tudinal, et ledit:steht.(10) est rou!6 seloh une confi- 
guration cyiindrique & partir de ladite feuilie de ma- 



t6riau plate, de manure que ledit premier bord lon- 
" git udihal vienne ; en but6e avec ledit second bord 
tdhgitjudihai' et-.soit 'tixd-.jk 

10. Stent intravasculaire se ion la revendication 1, dans 



: I'intdrieur, ce qui ehtraine la deformation vers Tex- 
7 t6rieur : desdits, 4i6mehts !de, raccordement (20) : 
• : ayant ^ 

11; Stenlintravasculaire selon la revendication 1, dans " 
: : -Jequeiladjt^ de stent (11 > su6it- : 

une torsion par rapport & ladite seconde section de 
stent ,;(,! .2 j af in de def prme r 1 esdits 6l6rhents de \rs6r I, 
cordement (20) ayant une partie affaiblie (21) et 
pour -former lesdities griff ets. d'ancrage (22). 

12. Stent intravasculaire selon la. revendication 1, dans 
. ; : Iequel au; mpins :certai ns des : 616m ents die raccpr-;. ; 
dement (20) pr6sentent une plurality d'encoches ; ; 
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